We calculated the cross sections of photolysis of OH, LiO, NaO, KO, HCl, LiCl, NaCl, KCl, HF, LiF, NaF, and KF molecules using quantum chemistry methods. The maximal values for photolysis cross sections of alkali metal monoxides are on the order of 10 −18 cm 2 . The lifetimes of photolysis for quiet Sun at 1 astronomical unit are estimated as 2.0×10 5 , 28, 5, 14, 2.1×10 5 , 225, 42, 52, 2×10 6 , 35400, 486, and 30400 s for OH, LiO, NaO, KO, HCl, LiCl, NaCl, KCl, HF, LiF, NaF, and KF, respectively. We performed a comparison between values of photolysis lifetimes obtained in this work and in previous studies. Based on such a comparison, our estimations of photolysis lifetimes of OH, HCl, and HF have an accuracy of about a factor of 2. We determined typical kinetic energies of main peaks of photolysis-generated metal atoms. Impact-produced LiO, NaO, KO, NaCl, and KCl molecules are destroyed in the lunar and Hermean exospheres almost completely during the first ballistic flight, while other considered molecules are more stable against destruction by photolysis.
Introduction
The photodissociation of diatomic molecules is an important source of atoms in various celestial objects. Comprehensive reviews of photodissociation cross sections of molecules of astrophysical interest have been published (Huebner et al. (1992) ; Huebner & Mukherjee (2015) ; Heays et al. (2017) ). Simple molecules can be delivered to the exospheres of Mercury and the Moon during meteoroid bombardment (Berezhnoy & Klumov (2008) ; Berezhnoy (2013) ). Volcanic eruptions are main sources of chlorides and fluorides of alkali elements in the atmosphere of Io (Schaefer & Fegley (2005) ). Subsequent photolysis of alkali chlorides is an important source of Na and K atoms in the exosphere of Io (Moses et al. (2002) ).
Observations of emission lines of metal atoms in exospheres of bodies of the solar system have a long history. Atoms of Na, K, Al, and Fe have been detected in the exosphere of Mercury (Cassidy et al. (2015) ; Bida & Killen (2017) ). The content of Na and K atoms in the lunar exosphere was studied with the lunar orbiter, the Lunar Atmosphere and Dust Environment Explorer (LADEE) (Colaprete et al. (2016) ); Na atoms were also detected in the exospheres of Io and Europa (Brown & Hill (1996) ; Mendillo et al. (2007) ). Metal atoms generated during photolysis of metal-containing species are generally hotter than those formed during chemical reactions in the impact-produced clouds (Berezhnoy (2018 ) . For example, high observed temperatures of Al and Fe atoms in the Hermean exosphere are ex-posphere, and both OH and HCl participate in ozone-depleting catalytic cycles in the stratosphere.
The main parameters of photolysis of species in planetary exospheres are photolysis lifetimes and kinetic energies of products of photolysis (Huebner et al. (1992) ). For an estimation of these parameters, knowledge of the wavelength dependence of the photolysis cross section of studied species is required. The ultraviolet-absorption cross sections for alkali halides such as LiCl, NaCl, and KCl were measured by Davidovits & Brodhead (1967) . The photodissociation cross section of NaCl was also measured by Silver et al. (1986) . However, similar studies of alkali fluorides have not been performed yet. Based on experimental measurements of photodissociation cross sections, photolysis lifetimes of chlorides, bromides, and iodides of Li, Na, and K were estimated by Schaefer & Fegley (2005) . Alkali and chlorine photochemistry in the atmosphere of Io was studied in detail by Moses et al. (2002) ). Analysis of observations of Io's sodium exosphere during a solar eclipse performed by Grava et al. (2014) agrees with an estimation of the lifetime of NaCl photolysis carried out by Schaefer & Fegley (2005) . The photolysis lifetime of OH in the gas phase and on the surface of the Moon is an important parameter for correct modeling of the behavior of hydrogen-containing species on the Moon (Grumpe et al. (2019) ).
Photolysis cross sections of gas-phase molecules are usually obtained experimentally (Huebner et al. (1992) ). There are only a few papers devoted to theoretical studies of photolysis of diatomic molecules, especially OH (van Dishoeck & Dalgarno (1983) ; Lee (1995)) and HCl (van Dishoeck et al. (1982) ). Previously, we also developed the original quantum-chemical model to estimate the photolysis cross section of diatomic molecules and applied this applied this model to studies of photodissociation of LiO, NaO, KO, MgO, and CaO (Valiev et al. (2017) ). However, other important diatomic molecules such as alkali metal chlorides, bromides, and hydrides of O, F, and Cl were not considered by Valiev et al. (2017) . The goal of this paper is to estimate photodissociation cross sections and photolysis lifetimes of diatomic molecules OH, HF, LiF, NaF, KF, HCl, LiCl, NaCl, and KCl, and the energies of photolysis-generated Li, Na, K, and H atoms using modern ab initio quantum-chemical codes and the improved model of Valiev et al. (2017) . Also, we investigate the LiO, NaO and KO molecules using the improved and corrected model because the saddle point method of integral evaluation was previously not correctly applied (Valiev et al. (2017) ). We consider the well-known molecules OH, HF, and HCl in order to estimate the accuracy of our model by comparing to our results with available experimental and theoretical studies. In the present paper all appeared integrals are calculated explicitly, analytically, or numerically with high accuracy. Knowledge of the parameters of photolysis of these molecules is important for investigations of the behavior of alkali elements in planetary exospheres, atmospheres of cool stars, exoplanets, and envelopes of evolved stars.
Theory and quantum chemical model
The description of our model and computational details of calculations are considered in this chapter. In the first subsection of theory the main formulas are described and the description of quamtum chemical methods is given in the second subsection.
The theory
The rate of photolysis J of considered molecules by solar photons at 1 AU from Sun can be written as
where σ is the photolysis cross section, Φ is the unattenuated solar photon flux at 1 AU heliocentric distance, and λ bind is the wavelength of photons corresponding to the binding energy including the vibrational zero-point correction (Huebner et al. (1992) ). The calculation of J can be carried out numerically using the dataset of known values of photolysis cross sections and solar photons flux in the chosen region of electromagnetic spectrum.
Considering the laws of conservation of energy and momentum, the kinetic energy of metal atoms E kin_i (Me) formed during photolysis of a metal diatomic molecule Me-X (where X=O, F, or Cl ) at i-th electronic transition can be calculated as
where E(λ i ) is the energy of photons corresponding to wavelength of maximal photolysis cross section of i-th electronic transition, E(λ bind ) is the binding energy of the considered bound Me-X, and A r (Me) and A r (X) are the atomic masses of considered metal atom and atom X, respectively. Equation (2) is valid if photolysis-generated metal atoms are formed in the ground electronic state. Photolysis cross sections for atmospheric gases are obtained mainly based on laboratory experiments (Huebner & Mukherjee (2015) ), but the photolysis of OH (van Dishoeck & Dalgarno (1983) , Lee (1995) , van Dishoeck et al. (1984) ), HF ), and HCl (Engin et al. (2012) , Alexander et al. (1993) , Lambert et al. (1998) , Regan et al. (2000) , Duhoo & Pouilly (1995) ) were also studied theoretically. Among considered diatomic molecules, the photolysis of NaO was studied experimentally (Self & Plane (2002) ), and there are also experimental values of photolysis lifetimes for OH, HF, HCl, LiCl, NaCl, and KCl (Huebner & Mukherjee (2015) ; Schaefer & Fegley (2005) .
Diatomic molecules can have bound and unbound electronic states ; Langhoff et al. (1986) ). For the case of photolysis reactions after absorption of a photon, these molecules appear in excited vibronic states of the continuous spectrum. The photolysis cross section (σ) for such transitions can be calculated as (Riess (1972) ; Herzberg (1989) )
where Ψ f (r, R) is the vibronic wave function of a molecule at the final excited state of continuous spectrum of energy, Ψ i (r, R) is the vibronic wave function at the initial state of the molecule at the bound state of discrete spectrum of energy, E is the energy difference between initial and final states, d is the dipole moment operator of the molecule, c is the speed of light, R is the nuclear coordinate, and r is the electronic coordinate. In this section and throughout the paper all formulas are written in the atomic unit system. When the adiabatic approximation is fulfilled, the initial and final wave functions can be written in the form In this equation, χ cont (R) is the nuclear wave function of the molecule for a continuous spectrum, and χ in (R) is the nuclear wave function of the molecule for discrete spectrum. The functions ψ f (r, R) and ψ i (r, R) are the electronic wave functions for the electronic states i and f of the molecule, respectively. For diatomic molecules, when the environment temperature is close to zero (in K), the function χ in (R) can be considered as the function of a harmonic oscillator for the ground vibrational state, i.e.,
where m is the reduced mass of a molecule, ω is the harmonic frequency of molecular vibration at the ground electronic state, and R 0 is the equilibrium position (or equilibrium bond length) of a molecule. The form of nuclear wave function χ cont (R) depends on the decay channel (dissociation channel). We consider the possible decay channels in detail in the next Section. Previously, we considered the three most probable channels of molecular photodissociation in the framework of the Franck-Condon approximation (Valiev et al. (2017) ): 1) decay (dissociation) in a ground electronic state, 2) decay in a bound excited electronic state, and 3) decay in an unbound excited electronic state. The integral estimation saddle point method was used for the estimation of photolysis cross section for all channels. However, detailed numerical integration showed that σ is negligible (σ 10 −41 cm 2 ) for the first two channels of all considered molecules, and therefore we concluded that the considered saddle point method was applied incorrectly, and only the third channel has a large value of σ. In the present work, the value of σ is calculated numerically without any integral estimation. Dissociation in an excited unbound electronic state is illustrated in Fig.1 .
The potential energy curve of the unbound state in Fig. 1 can be represented using the analytical function as U(R) = A exp(−BR), where A and B are exponential constant parameters. For this case, the vibrational wave function can be written as (Brems (1998) )
In this equation, K is the Macdonald function and ε is the energy, which is counted from the predissociation limit. In this case, the σ is written as
where E i f is the dissociation energy of electronic state f , and d i f e is the electric dipole moment for the vertical electronic transition between pure spin electronic states, which is shown in Fig. 1 by an arrow.
Thus, the working formula for the σ calculation is obtained for dissociation in the unbound electronic excited state. We note that the other photodissociation channels are possible through the participation of nonadiabatic and spin-orbital coupling interactions effects (Minaev (2007) ). However, usually the spinorbital coupling interaction between the excited states is small for light atoms, and therefore the transition moment (d i f e ) between the spin-mixed states is negligible in the comparison with d i f e for the pure spin state ). Also, nonadiabatic effects only play a main role when d i f e is zero and the Franck-Condon approximation is not valid (Baryshnikov et al. (2015) ). In the case of alkali oxides, chlorides, and fluorides, heavy atoms are absent, and d i f e is not zero for any of the considered electronic transitions. Thus, we can conclude that photodissociation in the unbound excited state is the main channel for the considered molecules, and gives the maximum contribution to σ. Nevertheless, we consider the nonadiabatic effects in photolysis process as well.
In order to calculate σ using equation (6), we require knowledge about the potential energy curves of diatomic molecules. We used quantum chemical calculations based on current ab initio methods to obtain these values.
Computational details
The potential energy curves of all molecules were obtained using the extended quasi-degenerate perturbation theory of second order (XMC-QDPT2) (Granovsky (2011) ). The use of this method leads to the calculation of d i f e for the all considered electronic states. We note that the XMC-QDPT2 method was applied to investigation of electronic and magnetic properties of small and large molecules and led to a good agreement with the experimental measurements (Baryshnikov et al. (2016) ; Valiev et al. (2013) ; Valiev et al. (2014) ; Minaev et al. (2015) ; ).
Previously we showed that the photodissociation in the first dissociation limit leads to the largest contribution (90%) to the rate constant of photolysis due to the solar flux strongly decreasing at the increase of photon frequency ). Therefore, in this work we only considered potential energy curves corresponding to the first dissociation limit. The details of XMC-QDPT2 calculation for each molecule are given below.
The complete active space self-consistent field (CASSCF) was included 7 electrons in 12 molecular orbitals (MOs), 8 electrons in 9 MOs, 8 electrons in 10 MOs, 7 electrons in 12 MOs, 8 electrons in 12 MOs, 10 electrons in 9 MOs, 5 electrons in 13 MOs, 14 electrons in 12 MOs, 16 electrons in 12 MOs, 7 electrons in 10 MOs, 16 electrons in 13 MOs, and 8 electrons in 8 MOs for OH, HF, HCl, LiO, LiF, LiCl, NaO, NaF, NaCl, KO, KF and KCl, respectively. The effective Hamiltonian included 30 electronic states. The state averaging was performed on 6 states for LiO, NaO, KO, 4 states for hydroxyl, 3 states for the HCL, and 4 states for the rest molecules. The aug-cc-pv5z basis set for HF and aug-cc-pvqz for the other molecules were used. The effective Hamiltonian included 35 states. The quantum chemical calculation was performed using the Firefly software (Granovsky (2012) ). The numerical calculation of the photolysis cross section via formula (6) was carried out in Maple 14 (2010).
Results and discussion
This section presents the results of calculations of dipole moments of electronic transitions, cross sections, and photolysis times, as well as the kinetic energy of decomposition products, such as alkali metal atoms, chlorine, fluorine, and oxygen, in the process of photolysis (see Figs. 2-4, and Table 1 ). Also, the dependence of the electric dipole transition moments on the internuclear distance around the equilibrium position of the electronic ground state is given as curves for the molecules OH, HCl, and HF in Fig. S1 in the Supplementary Material. For the other molecules, we calculated this value at two points: 0.05 Angstrom shortward and longward of the equilibrium point of the electronic ground state. According to Fig. S1 and the discussed calculations, the largest electric dipole transition moment is at the equilibrium point of the electronic ground state. Thus, the Franck-Condon approximation is valid for the consideration of the electronic transition and the calculation of the photolysis cross section for the investigated molecules.
Metal oxides and OH
Potential energies for the ground and several first excited electronic states calculated for the metal oxides LiO, NaO, KO, and OH hydroxide are given in Fig. 2 . We note that the ground electronic states for OH, LiO, and NaO are two-fold degeneracy and have the symmetry of X 2 Π, and for KO -X 2 Σ + . Fig. 2 shows that the lowest excited electronic states for dissociation for all metal oxides (B 2 Σ + ) and (B 2 Σ − ) for the OH radical are unbound. We note that the excited state C 2 Π for metal oxides becomes bound owing to the nonadiabatic interaction between it and the ground state X 2 Π. The nonadiabatic interaction leads to the repulsion of these potential curves near the internuclear distances 3.7 and 4.1 Å for LiO and NaO correspondingly. Unlike the above molecules, the first excited states A 2 Π and C 2 Π of KO molecule have the same symmetry and, as a result, these electronic states are also repulsed owing to the nonadiabatic interaction at the internuclear distance near 5.9 Å. For this reason, the electronic state C 2 Π is bound. Thus, we have again only one excited state B 2 Σ − , which has to be taken into account to calculate the photolysis rate and lifetime for LiO, NaO, and KO. We also note that the transitions X 2 Π → B 2 Σ + and X 2 Σ + → B 2 Σ − are allowed in accordance with the selection rules (Khalil et al. (2011) ). However, there is a point of lowest energy of the intersection between bound A 2 Σ − and the unbound state B 2 Σ + for OH, where nonadiabatic interaction can occur. Therefore the additional X 2 Σ + → A 2 Σ + channel is considered, too. In this case the absorption occurs from X 2 Σ + into ν = 2 of A 2 Σ + , where ν is a vibrational number. The nonadiabatic interaction between A 2 Σ − and B 2 Σ + leads to the B 2 Σ + decay state. This channel slightly increases the cross section of photolysis (10%) due to the transition dipole moment of X 2 Σ + → A 2 Σ + being smaller than for X 2 Σ + → B 2 Σ − . We note that there is an intersection point between A 2 Σ − and B 2 Σ − for LiO, NaO, and KO as well. However, the transition dipole moment of X 2 Σ + → A 2 Σ + is very small (0.05 a.u.) and this point is located at a significantly higher energy than for the OH case. Therefore, we can neglect the X 2 Σ + → A 2 Σ + channel, and X 2 Σ + → B 2 Σ − is the dominant channel.
Chlorides and fluorides of metals and HCl, HF
Potential energy curves for the ground state and some lower excited-electronic states of molecules LiCl, NaCl, KCl, LiF, NaF, KF, HCl, and HF are given in Figs. 3 and 4 . The ground states of these molecules have the same symmetry X 1 Σ + .
It should be noted that for the molecules LiCl, NaCl, KCl, LiF, and NaF, the nonadiabatic interaction, as for the molecules considered in Section 3.1, is the cause of repulsion of their potential energy curves. As a result, such repulsion of the curves (B 1 Σ + , X 1 Σ + ) occurs in the distances of 6.7 Å, 7.2 Å, and 7.8 Å, and 20 Å for LiCl and LiF, NaF and NaCl, and KCl, respectively. Finally, there is only one electronic decay state (A 1 Π) for these molecules and for HF, HCl. In contrast to molecules considered in this Section, the KF molecule has two excited decay states, A 1 Π and B 1 Σ + (Fig. 4d) , which both give a contribution to the photolysis rate. We note that there are two possible photolysis channels, X 1 Σ + → A 1 Π and X 1 Σ + → B 1 Σ + , for LiCl, NaCl, KCl, LiF, NaF, and KF. In the case of X 1 Σ + → B 1 Σ + channel for LiCl, NaCl, KCl, LiF, NaF the nonadiabatic interaction between X 1 Σ + and B 1 Σ + leads to the transition into X 1 Σ + state in the dissociation region of R. Thus the X 1 Σ + → B 1 Σ + channel consists of two steps: the electronic transition from X 1 Σ + to B 1 Σ + and the radiationless electronic transition to X 1 Σ + due to the nonadiabatic interaction. The last step is very fast because of the small energy gap between X 1 Σ + and B 1 Σ + at the repulsive point of R and the strong nonadiabatic interaction between them, as can be seen in Fig.4 . In order to calculate the cross section for this channel, we used the fitting parameters (A and B) for A 1 Π because the potential energy curve of B 1 Σ + until the repulsive point, and of X 1 Σ + after the repulsive point, are very similar to whole potential energy curve of A 1 Π. The transition dipole moment was used for X 1 Σ + → B 1 Σ + in this case.
We note that the photolysis channel with the emission from B 1 Σ + → A 1 Π for HCl (it is not shown) and HF is also possible. The probability of this channel is dependent on the transition moments of X 1 Σ + → B 1 Σ + and B 1 Σ + → A 1 Π. According to the XMC-QDPT2 calculation, this value is 0.000022 au. for B 1 Σ + → A 1 Π, 0.000007 au for X 1 Σ + → B 1 Σ + of HCl, 0.05 au for B 1 Σ + → A 1 Π, and 0.05 au for HF. Therefore this channel gives the smallest contributions ( 10%), followed by the X 1 Σ + → A 1 Π channel. Thus we neglect it for the estimation of the photolysis lifetime.
Cross sections
The photolysis cross sections versus the wavelength for all considered diatomic molecules are also given in Figs. 2-4. We can see that for each molecule under consideration, the maximum of the photolysis cross section occurs for wavelengths between the initial and final electronic states. The dependence of photolysis cross sections on the wavelength is caused by the dependence of ε = E − E i f on the wavelength.
Photolysis lifetimes
The photolysis lifetimes (τ) and photolysis rates (J) were calculated in the framework of the analytical model considered above in Section 2.1. According to the analytical model used, the accuracy of obtained photolysis lifetimes depends on the errors of calculation of dipole moments for electronic transitions, characteristics of photolysis cross sections, and dissociation limits. In Table 1 the dissociation limits and photolysis lifetimes are given together with experimental lifetimes.
As can be seen from Table 1 , the calculated values of dissociation energies for molecules OH, LiO, KO, HCl, LiCl, NaCl, KCl, HF, LiF, and NaF A&A proofs: manuscript no. 36230corr mental data (the discrepancies are˜4%). For NaO, the deviation between experimental and theoretical values is about 10% and for KF -20%. We note that our calculated values for the dissociation energy for KO, LiF, and NaF are in a good agreement with theoretical values of Vasiliu et al. (2010) (the discrepancies are about 3%). In contrast, the deviation is increased to 6% for LiO and to 10% for NaO and NaCl, and up to 18% for KF. In addition, Table 1 shows that for LiO, KO, LiF, and NaF molecules the values of the dissociation energy agree better with the experimental values in comparison with the theoretical values of other authors (Vasiliu et al. (2010) ). However, the dissociation energies calculated in this work are underestimated by 1% for LiCl, 7% for NaCl, and 9% for NaO, and overestimated by 16.8% for KF being compared with other theoretical works. Such a large difference is explained by the use (Vasiliu et al. (2010) ) of the higher basis aug-cc-pwCV5Z for calculation of potential energy curves. Nevertheless, the theoretical values for photolysis lifetimes for OH, HCl, LiCl, NaCl, and HF agree with the experimental values within factor of 1.5 -2, while for KCl and NaO within a factor of 3 (see Table 1 ). For example, the maximal measured photolysis sections for LiCl, NaCl, and KCl are 9 × 10 −18 , 3.5×10 −17 , and 2×10 −17 cm −2 , respectively (Davidovits & Brodhead (1967) ), while the theoretical photolysis cross sections for these species are lower (see Table 1 ). One of the reasons for such discrepancies may be caused by different temperature conditions because our calculations were carried out at 0 • K, while the measurements of the LiCl, NaCl, and KCl photolysis cross sections (Davidovits & Brodhead (1967) ) along with the NaO photolysis cross section (Self and Plane, 2002) were performed at 1100±25 and 200 • K, respectively. Our calculated photolysis lifetimes of LiF, NaF, and KF are 24, 3, and 60 times longer, respectively, than the photolysis lifetimes estimated by Shaefer and Fegley (2005) based on trends of photolysis rates and bond energies for the chlorides, bromides, and iodides. However, the estimation of the photolysis lifetime for LiF, NaF, and KF was carried out assuming that their unknown σ(λ) are almost identical to the known σ(λ) of LiCl, NaCl, and KCl. According to Table 1 , this approximation is not valid because the values of σ(λ) are noticeable different for these compounds. Therefore our computed photolysis lifetimes for LiF, NaF, and KF are likely to be adequate and predictive.
According to Table 1 , the photolysis lifetimes of LiO, NaO, KO, LiCl, NaCl, and KCl molecules are less than the typical time of the first ballistic flight in the exospheres of the main atmosphereless bodies of the solar system (Mercury, the Moon, Io, and Europa), which is ∼ 10 3 s. Therefore, these molecules are already dissociated into separate atoms during the first ballistic flight. For other considered molecules, the photolysis lifetimes are comparable or longer than the typical time of a ballistic flight. It means that just a small fraction of these molecules can be destroyed by solar photons during the first ballistic flight in the exospheres of the main atmosphereless bodies of the solar system. Hence, fluorides are minor sources of alkali atoms in planetary exospheres in comparison with oxides and chlorides not only because of the low abundance of fluorine in the solar system, but also because of long photolysis lifetimes of fluorides of alkali metals.
The agreement of the obtained dependence of the photolysis rate on wavelength with other works is more or less reasonable (see Table 2 and Fig. 5 ). For the case of OH photolysis we predict a broad maximum of the photolysis rate at 175 -220 nm, while experimental studies (Huebner et al. (1992) ) and the theoretical work of van Dishoeck & Dalgarno (1983) of the pho-tolysis reaction OH + photon = O( 3 P) + H show a narrower peak at 170-180 nm and two very narrow peaks near 250 nm. Our theoretical results predict the maximal HF photolysis rate at 121.6 nm. The same maximum is observed in the laboratory (Huebner et al., 1992) . We predict higher HF photolysis rates at 130-140 nm than at 100-110 nm in agreement with laboratory data (Huebner et al. (1992) ). The presence of a narrow and strong Lyman alpha peak at 121.6 nm and the position of calculated broad maximum of HCl photolysis rate (170-210 nm) are in agreement with laboratory data (Huebner et al. (1992) ). Our values of the maximal photolysis cross section of HCl and the position of the maximal photolysis cross-section peak are comparable to previous theoretical studies of Alexander et al. (1993) (see Table 1 ). Our obtained value of the HF maximal photolysis cross section (1.6 × 10 −18 cm −2 ) is two times smaller than that of previous theoretical calculations (3.2 × 10 −18 cm −2 ; ), while the obtained position of the photolysis peak is shifted by about 5% to shorter wavelengths in comparison with . The maximal measured photolysis cross sections of LiCl, NaCl, and KCl is 235, 240, and 250 nm (Davidovits & Brodhead (1967) ), respectively, while the maximal theoretical photolysis cross sections are shifted to longer wavelengths (see Table 1 ), leading to lower velocities of photolysis-generated alkali metal atoms. Thus, our approach allows for estimating the properties of the main photolysis peaks of diatomic molecules qualitatively and, respectively, the velocities of photolysis-generated atoms.
Velocities of photolysis-generated atoms of alkali metals and hydrogen
Comparing the velocity distribution of photolysis-generated atoms of alkali metals and hydrogen (see Fig. 5 ) with escape velocities from atmosphereless bodies of the solar system (Europa -2025 m/s, the Moon -2380 m/s, Io -2558 m/s, and Mercury -4250 m/s), we can conclude that photolysis-generated hydrogen atoms escape the gravitational field of the considered bodies upon photolysis of OH, HCl, and HF. A significant part of photolysis-generated Li atoms forms after LiO, LiCl, and LiF photolysis is able to escape Europa, the Moon, and Io, while Mercury captures the majority of such Li atoms. Only a minor fraction of photolysis-generated Na and K atoms is able to escape from the Moon, Io, and Europa upon photolysis of corresponding oxides, chlorides, and fluorides. The presence of photolysis-generated metal atoms in planetary exospheres can be confirmed by an analysis of the velocity distribution of exospheric metal atoms (see more detailed discussion of this question in (Valiev et al. (2017) ).
Summary
A perspective ab initio approach to calculation of the photolysis cross sections of diatomic molecules has been developed. The accuracy of this approach was estimated by comparison with available experimental and theoretical studies of the photolysis of selected diatomic molecules. The developed approach can be used for the calculation of photolysis cross sections and photolysis lifetimes of other diatomic molecules, especially those which are very difficult to study under laboratory conditions. Article number, page 9 of 13 A&A proofs: manuscript no. 36230corr (2015) 2000); l) Nee et al. (1985) . Values of (theor) and (exp) refer to theoretical and experimental cross-section data, respectively.
